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WING WHITENESS AS AN INDICATOR OF AGE, IMMUNOCOMPETENCE, AND 
TESTIS SIZE IN THE EURASIAN BLACK-BILLED MAGPIE (PICA PICA)
Guillermo Blanco and Juan a. FarGallo1
Departamento de Ecología Evolutiva, Museo Nacional de Ciencias Naturales (CSIC), J. Gutiérrez Abascal 2, 28006, Madrid, Spain
Abstract.—Determining how phenotypic traits covary within individuals can offer information on the underlying functional 
interactions of complex phenotypes and the mechanisms that promote them. We investigated covariation of the white wing patch of the 
Eurasian Black-billed Magpie (Pica pica) with age, sex, feather wear, spleen size, parasite infection, and testis size to evaluate whether 
this trait is indicative of individual quality. The white wing area was larger in adults than in second-year individuals, in males and 
females with larger spleens and lower helminth parasite burdens, and in males with larger testes. In addition, feather wear scores were 
positively correlated with black melanized areas at the tips of feathers. Our results suggest that wing whiteness reflects age, immune 
capacity, and feather quality in both sexes and reproductive potential in males. Therefore, this character may play a role in sexual 
selection by signaling individual quality. Received 26 October 2012, accepted 23 April 2013. 
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El Color Blanco del Ala como Indicador de Edad, Inmunocompetencia y Tamaño de los  
Testículos en la Pica pica
Resumen.—Conocer la covariación de los diferentes caracteres fenotípicos dentro del individuo puede aportar información sobre las 
interecciones funcionales subyacentes a los fenotipos complejos y sobre los mecanismos que las promueven. En el presente estudio se ha 
investigado la covariación del parche blanco del ala de la Pica pica con la edad, el desgaste de las plumas, el tamaño del bazo, la parasitación 
y el tamaño de los testículos con el fin de evaluar si este carácter pudiera indicar calidad individual. El parche blanco del ala resultó ser más 
grande en adultos que en individuos de primer año, en individuos con bazos de mayor tamaño y menor carga parasitaria de helmintos y 
en machos con testículos más grandes. Además el desgaste de las rémiges se correlacionó positivamente con el área melanizada negra del 
final de la pluma. Estos resultados sugieren que el blanco del ala refleja edad, inmunocompetencia y calidad de la pluma en ambos sexos 
y potencial reproductor en los machos. Por lo tanto, este carácter podría jugar un papel importante en la selección sexual a través de la 
señalización de calidad individual.       
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Certain subsets of traits can often covary strongly within 
 individuals and lead to complex phenotypes. The patterns of 
 covariation among phenotypic traits reflect the degree of genetic, de-
velopmental, and/or functional associations (Pigliucci 2003, Kim et 
al. 2013). Coloration is one of the most diverse phenotypic traits in na-
ture, and its function is one of the most studied subjects in behavioral 
ecology. Exploring how coloration is integrated with other traits may 
help in understanding color functionality and the action of natural 
selection on multivariate phenotypes (Hoekstra 2006, McGuigan et 
al. 2011, Pryke et al. 2012). Melanin deposition is the most common 
mechanism responsible for colored traits in vertebrates (Bagnara et 
al. 1979, Hoekstra 2006, Hubbard et al. 2010, Stoddard and Prum 
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decrease survival (Magnhagen 1991; but see Merilä and Hemborg 
2000). In addition, melanin may protect feathers against parasitic lice, 
in that melanin-free areas are more prone to biting by lice (Kose et al. 
1999). Antimicrobial properties of melanin are also known to play a 
role in the integument of insects (Wilson et al. 2001) and humans 
(Mackintosh 2001). In birds, higher keratin lysis activity of microbes 
and higher feather degradability in less melanized (white) feathers 
than in more melanized (black) ones have been reported (Goldstein 
et al. 2004, Ruiz-de-Castañeda et al. 2012). Therefore, a tradeoff be-
tween feather production (including keratinization and microstruc-
ture) and melanin deposition (or a lack thereof) may partially explain 
variation in the expression of melanin-free feather areas (Shawkey 
and Hill 2006, Vágási et al. 2010, Galván 2011). Also, an interspecific 
positive correlation between the degree of social foraging and white 
plumage coloration in birds has been reported, which suggests indi-
vidual benefits in social contexts (Beauchamp and Heeb 2001).
We investigated whether the white wing patch included in the 
black melanin-based phenotype of the Eurasian Black-billed Magpie 
(Pica pica; Lee et al. 2010) might provide information on age, feather 
quality, immunocompetence, parasite burden, and endocrine pro-
file. Melanin-free parts of magpie flight feathers are located in the 
middle portion of primary feathers and do not reach the tips (Fig. 1), 
2011). In birds, classical functions assigned to melanin-based phe-
notypes are those related to individual recognition (Dale et al. 2001), 
thermoregulation (e.g., Sirkiä et al. 2010), camouflage (Galeotti and 
Rubolini 2004, Gluckman and Cardoso 2010), photoprotection (Had-
ley 1972), and signaling (e.g., Senar and Camerino 1998). 
The signaling function of melanin-based phenotypes is still 
poorly understood. A traditional view has considered the expres-
sion of melanin-based characters to be independent of nutrition 
and condition and, therefore, poor traits for studying the process of 
sexually selected mate choice (Gray 1996, McGraw and Hill 2000), 
even though they can signal genetic quality (Roulin and Altwegg 
2007). With few exceptions (e.g., Griffith et al. 1999, Roulin and 
Altwegg 2007), most studies that have considered melanic color-
ation as a sexual ornament have focused on conspicuous melanin-
based plumage as badges. In conjunction with behavior, such badges 
are used in inter- and intrasexual communication to provide reli-
able information of status; costs of production are considered min-
imal in comparison to possible social costs of carrying the badge 
(Andersson 1994, Gray 1996, Badyaev and Hill 2000). However, evi-
dence of the influence of environmental factors on melanic feather 
coloration is accumulating (Griffith et al. 1999; Fitze and Richner 
2002; Fargallo et al. 2007a, b; McGraw 2007), which suggests that 
the degree of melanic expression can be condition-dependent be-
cause of the cost of increased melanin deposition. Thus, melanin-
based traits may play a role in signaling theory as initially proposed 
by Zahavi (1975) under the handicap principle. 
Recently, it has been proposed that melanin-based phenotypes 
can predict immune and endocrine functions through the pleio-
tropic effect of the genes involved in melanogenesis ( Ducrest et al. 
2008). Several genes responsible for melanin-based  pigmentation 
have been identified in vertebrates (see Hubbard et al. 2010). Among 
them, the melanocortin system also regulates a diverse  array of phys-
iological functions, including adrenocortical steroidogenesis and 
anti-inflammatory responses (Cone 2006, Ducrest et al. 2008). Re-
lationships among melanin-based phenotypes and immunity (e.g., 
Gasparini et al. 2009, Jacquin et al. 2011, Parejo et al. 2011; but see 
González et al. 1999; Pärn et al. 2005; Fargallo et al. 2007a, b), parasite 
infection (e.g., Fitze and Richner 2002, Chakarov et al. 2008, Jacquin et 
al. 2011), testosterone levels (Fargallo et al. 2007b, Bókony et al. 2008), 
and corticosterone levels (Pryke et al. 2012) have been observed in 
birds, demonstrating in some cases and suggesting in others that me-
lanic phenotypes can signal immune capacity and endocrine profiles. 
It is common for melanin-based traits in birds to be mixed 
with white patches (Price and Pavelka 1996, Fitzpatrick 1998, Hegyi 
et al. 2008). The lack of melanin expressed in white feathers or white 
parts of feathers has been shown to have a clear genetic component 
(Garant et al. 2004) and to act as an indicator of phenotypic quality 
in several species (Potti and Merino 1996; Kose et al. 1999; Ruusila 
et al. 2001; Hanssen et al. 2006, 2008; de Heij et al. 2011). White 
patches may have evolved as a costly handicap of feather quality or 
as an amplifying handicap that reflects the individual’s ability to 
cope with its lack of melanin without compromising survival (Has-
son 1991, Fitzpatrick 1998), especially if expressed in flight feathers.
In addition to those already mentioned, another major function 
of melanin in feathers is to ensure their durability, protecting against 
abrasion and breakage (Burtt 1986, Bonser 1995). This strengthen-
ing function may be especially important in flight feathers because 
weakly melanized feathers are prone to wear and breakage, which in-
crease the energetic cost of flight and the risk of predation and, thus, 
FiG. 1. Photographs of the white wing patch (dorsal view) of (A) sec-
ond-year and (B) after-second-year Eurasian Black-billed Magpies. Photo 
by Ó. Frías.
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probably because greater abrasion at the tips of feathers (Svensson 
1996) may impose important flight costs (Burtt 1986). Therefore, 
melanin-free areas are presumably costly to the bearer because an 
increase in white area toward the tips may in itself result in weaker 
feathers, especially if distal feather abrasion reaches the white area 
(Burtt 1986). We first evaluated this hypothesis by relating abra-
sion of feather tips to the length of the distal melanized area in wing 
flight feathers. We predict that if whiteness evolved as a signal of in-
dividual quality or condition, including the ability of the individual 
to resist feather wear, individuals with larger white wing patches (i.e., 
narrower black tips) should show less feather wear. Given that feath-
ers and other structures compete for nutrients during growth and 
development of young in the nest, a presumably costly large white 
area may not develop in juveniles without subsequent maintenance 
costs, especially flight costs, derived from smaller melanized feather-
tip areas. Although wing feather tips are more melanized in juve-
nile Eurasian Black-billed Magpies and North American Black-billed 
Magpies (Pica hudsonia) (Svensson 1996, Trost 1999), no informa-
tion on the total extent of the white wing patch, or on the number of 
feathers forming it, has been previously reported in either  species, 
to our knowledge. In addition, depigmented plumage may bear 
production costs (Török et al. 2003, McGlothlin et al. 2007, Vágási 
et al. 2010), which have been hypothetized to derive from the  ability 
to develop feathers with the correct microstructure, ultimately 
 ensuring honesty (Hanssen et al. 2006, Vágási et al. 2010). On the 
 basis of these considerations, we predicted that first-year birds 
should  develop a smaller white area than adults. 
To study immunocompetence, we measured spleen volume 
and parasite infection. The spleen is a major organ of the immune 
system of birds (John 1994), and its relative size has been shown to be 
related to activation of the immune system by multiple macropara-
site infections; hence, it has often been used to infer the effective-
ness of the immune system in birds (Møller et al. 1998, Morand and 
Poulin 2000, Brown and Brown 2002, Ardia 2005; but see Blanco 
et al. 2001, Smith and Hunt 2004). Previous results showed that a 
close relationship exists between nutritional condition and spleen 
size of the Eurasian Black-billed Magpie (hereafter “magpie”; Blanco 
et al. 2001). In addition, spleen volume was positively related to a 
quality-signaling trait (tail length) in young magpies (Blanco and 
de la Puente 2002). As a second estimation of immunocompetence, 
we measured infection by ecto- and endoparasites (helminths). If 
wing whiteness signals the effectiveness of the immune system, we 
predicted a positive correlation of wing whiteness with spleen size 
and a negative correlation with parasite infection. Finally, we evalu-
ated the relationship between the extent of white wing patch and 
testis size in males to assess whether a melanin-based phenotype 
can reflect the endocrine profile. Testis size has been shown to be 
correlated with the production of testosterone (Denk and Kempen-
aers 2005, Garamszegi et al. 2005) and is considered an indicator 
of sperm production and sperm competition capacity (Lüpold et al. 
2009, Rowe and Pruett-Jones 2011). Therefore, we expect a positive 
correlation between the size of the white wing patch and testis size 
if white wing patch reflects male quality.
Methods
General.—Magpies were collected immediately after being killed 
by hunters in Villatobas, Toledo, central Spain, during the breeding 
season (May–July) of 1998. Magpies were killed as predator controls 
within regional game management plans. Dead specimens were 
transferred for free to this research project. Birds were immedi-
ately weighed to the nearest gram, stored in plastic bags, and trans-
ported to the laboratory. Severely damaged birds were not included 
in the study. Birds fledged during the previous breeding season were 
considered second-year (SY) individuals, and all other adult birds 
were classified as after-second-year (ASY) individuals (see Svensson 
1996). Birds were sexed by gonadal inspection.
The number of primary and secondary feathers with white col-
oration in the right wing was counted. Entire wings were then re-
moved from the body, extended dorsally in a natural position (i.e., 
with the two outermost primaries in line with the carpometacarpus 
and radius), and fixed with transparent adhesive on white paper. We 
photocopied the wing, traced the outline of both the entire wing and 
the white wing area (WWA) on the paper copy, and then measured 
with a planimeter the areas (in mm2) they  occupied. The measure-
ments for both total wing and white wing areas were repeatable for a 
random sample of magpies (r = 0.93, F = 26.27, df = 63, P < 0.0001, n = 
32; r = 0.97, F = 56.62, df = 63, P < 0.0001, n = 32, respectively). 
Fault bars are formed in feathers as a result of exposure to stress-
ors, most notably starvation and poor nutrition, during feather de-
velopment (Bortolotti et al. 2002, and references therein). We thus 
counted the number of rectrices with fault bars and the number of 
fault bars in the rectrices as potential indicators of environmen-
tal stress during feather growth (Blanco and de la Puente 2002). We 
used the tail because fault bars were more abundant than in the wing. 
Fault bars potentially reflect stressful environmental conditions dur-
ing the previous summer–autumn for ASYs (molt period) and during 
growth for nestlings and for SYs (Blanco and de la Puente 2002).
An experienced veterinarian (M. Corroto, GREFA, Madrid, 
Spain) who was unaware of the hypotheses being tested mea-
sured (with digital calipers) the maximum length and width of the 
spleen and the right and left testes to the nearest 0.01 mm (Blanco 
et al. 2001). The volume (mm3) of these organs was calculated, as-
suming that they had a spheroid shape. Volumes of right and left 
testes were summed to obtain total volume of testes (Blanco et al. 
2001, Blanco and de la Puente 2002). 
To test whether wing whiteness was associated with the  degree 
of parasitism, we considered the total number of ectoparasites and 
helminths as independent variables. Parasites may directly  influence 
feather quality in the case of lice that feed on feathers, and they may in-
teract with body condition (Blanco et al. 2001) to affect feather growth 
(before the sampling date) and feather condition (on the sampling 
dates). All ectoparasites were collected before the birds were dissected 
by thoroughly brushing all the plumage onto white paper until no 
more arthropods appeared. Ectoparasites were later identified to spe-
cies (Blanco et al. 2001). Helminths were removed from the alimentary 
tract and later identified at the phylum level as cestodes, nematodes, 
acanthocephalans, or trematodes (Blanco and de la Puente 2002). 
Age and sex differences in wing whiteness.—We determined 
whether variation in WWA was dependent on the number of white 
feathers by exploring sex and age differences in both variables and 
their interaction by means of a non-hierarchical, fully saturated log 
linear analysis because of the categorical nature of data (three cat-
egories of the number of white wing feathers; i.e., 10, 11, or 12 feath-
ers). The test was run beginning with the highest-order interaction 
and proceeded backwards until all terms and interactions retained 
by the model were significant (P < 0.05), so that dropping any of 
them would result in a significant lack of fit of the model.
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Melanized area at feather tip and feather wear.—To analyze 
the relationship between wing whiteness and feather quality, we 
measured (dial calipers; nearest 0.01 mm) the length of the distal 
black area in the third primary and evaluated whether it was related 
to WWA and to the degree of feather wear. The length of the distal 
black area was defined as the distance between the feather tip and 
the distal part of the white area in the feather. Distal black area in 
the third primary was correlated with the length of the distal black 
area in the first, second, and fourth primaries (all r ≥ 0.89, all P < 
0.0001, n = 96), so we used the third primary in our analyses for sim-
plicity. The degree of feather wear of the 10 primaries was scored us-
ing the wear categories depicted in Prater et al. (1977): fresh, slightly 
worn, moderately worn, and very worn. We assigned the value 1 to 
unworn feathers (“fresh”), 2 to slightly moderately worn feathers, 
and 3 to very worn feathers showing very damaged vanes. 
We used the sum of the wear scores as a composite measure of 
feather wear. Although the distribution of feather wear scores was 
not normal, the composite wear from all 10 primaries’ indices at-
tained normality (Kolmogorov-Smirnov test for normality of resid-
uals from the analysis of covariance [ANCOVA], Z = 0.61, P = 0.85). 
The wear score of feathers was the dependent variable in a two-fac-
torial ANCOVA where age and sex were factors and the black distal 
length of the third primary was a covariate. We also included log10-
transformed keel length (digital calipers; nearest 0.01 mm) as a co-
variate to control for possible body-size effects, and date of capture 
(Julian date) to control for possible effects on degree of wear. 
Wing whiteness and individual quality.—To test for an 
association between individual quality and wing whiteness, 
WWA was used as the dependent variable in general linear models 
(ANCOVA) with age, sex, log10-transformed body mass, past body 
condition (number of fault bars and numbers of feathers with fault 
bars), log10 spleen size, and number of ectoparasites and helminths 
as independent variables. To control for the influence of structural 
size on body mass and spleen volume, we defined body condition as 
log10-transformed body mass after controlling for the effect of struc-
tural size (log10-transformed keel length) by including keel length as a 
covariate. Given that total wing area and WWA (log10-transformed) 
were correlated (linear regression, r = 0.71, P < 0.001, n = 134), total 
wing area was included as a covariate in the analyses to correct for 
its influence on WWA. The same analysis was repeated for males 
with log10 testis volume included as an additional independent vari-
able. Date of capture was included in all the models to attempt to 
control for the possible influence of the annual cycle of testis growth 
and regression, as well as to control for the influence of potential sea-
sonal variation in spleen volume. Fault bar variables were square-root 
transformed in all the analyses to achieve normality. Because the dis-
tribution of parasites usually follows a negative binomial distribution, 
the number of parasites was transformed as y = ln (x + 0.5k), where k 
is the exponent of the negative binomial distribution; the exponent k 
was estimated using the formula: k = m2 (s2 – m) – 1, where m is the 
mean and s2 is the variance of the distribution (see Poiani et al. 2000).
The ANCOVA models were reduced to their simplest form by 
eliminating, in a backward stepwise manner, any independent vari-
ables or two-way interactions that did not explain significant varia-
tion in the dependent variable. We proceeded by running the model 
and removing variables and interactions that did not contribute sig-
nificantly to variation in the dependent variable. All variables and 
interactions in the final model were significant, such that this repre-
sented the simplest model for explaining variability in the response 
variable. The exceptions were variables forced to enter the mod-
els (i.e., date of capture, keel length, and total wing area) to control 
for seasonal and structural size variation. All dependant variables 
were normally distributed or transformed to attain normality. The 
model residuals were checked for normality and homoscedasticity 
at each step. All P values refer to two-tailed tests. Partial eta squared 
(ηp2) was used as a measure of effect size in ANCOVA. Because 
some data were missing for some birds, sample sizes varied slightly 
among analyses. Means ± SD are reported. All analyses were per-
formed with the SPSS statistical package (SPSS 1990).
Results
Age and sex differences in wing whiteness.—A log-linear analysis of 
variation in the number of white feathers with age and sex did not 
show a three-way interaction (Table 1). Second-year magpies have 
more white feathers in the wing (usually 11 feathers; i.e., 10 prima-
ries plus the most distal secondary) than ASYs (usually 10 primaries) 
(Table 1 and Figures 1 and 2), but there were no differences between 
sexes (Table 1). The fit of the model containing these interactions was 
taBle 1. Results of log-linear analyses testing interaction between the num-
ber of white wing feathers and age (second-year and after-second-year in-
dividuals) and sex of Eurasian Black-billed Magpies.
df G P
Number of white feather * age * sex 2 2.04 0.36
Number of white feather * age 1 27.97 <0.00001
Number of white feather * sex 1 2.21 0.33
FiG. 2. Frequency (%) of second-year (n = 45, black bars) and after-sec-
ond-year (n = 89, white bars) Eurasian Black-billed Magpies with 10 white 
primaries, 11 white feathers (10 primaries plus the outermost secondary), 
and 12 white feathers (10 primaries plus the 2 outermost secondaries).
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adequate (goodness-of-fit, G = 6.51 df = 6, P = 0.37). Birds with 12 
white feathers usually showed a small and diffuse white spot in the 
distal part of the second outermost primary that never reached the 
tip. Despite having more white feathers, SYs had less WWA (803 ± 
87 mm2, n = 43: 23 males, 20 females, mean values corrected for to-
tal wing area) than ASYs (929 ± 91 mm2, n = 82: 43 males, 39 females, 
F = 40.36, df = 124, P < 0.0001; Fig. 3), and this area increased with 
the number of white feathers in each age class (F = 5.87, df = 124, P = 
0.004; Fig. 3). There were no effects of sex (F = 0.49, df = 124, P = 0.48), 
nor any significant interactions between the factors (all P > 0.34). 
This model accounted for 26% of the variance. Because WWA can 
be higher even though the number of white feathers might be lower, 
the former variable was used as a better descriptor of wing whiteness. 
Wing whiteness and feather wear.—Feather wear scores were 
independent of age, size, sex, and capture date (all P > 0.10) but 
varied significantly and positively with the length of the black 
tip of the third primary (F = 29.27, df = 81, P < 0.0001, ηp2 = 0.27, 
r2 = 0.30; Fig. 4A). When included in this model, WWA did not 
contribute significantly to feather wear (F = 0.98, df = 1 and 80, 
P = 0.32, ηp2 = 0.013). Taking the length of the black tip out of the 
model, WWA was not significantly correlated with feather wear 
scores (F = 1.58, df = 1 and 81, P = 0.21, ηp2 = 0.020). However, 
WWA and the length of the black tip were negatively and signifi-
catively correlated (r = –0.48, P < 0.001, n = 81; Fig. 4B).
Wing whiteness and immunocompetence.—The simplest 
 ANCOVA showed that WWA was greater in ASY than in SY birds (F = 
15.59, df = 63, P < 0.0001, ηp2 = 0.50; see above), after correcting for the 
total wing area as a covariate (F = 89.47, df = 63, P < 0.0001, ηp2 = 0.24). 
In addition, WWA increased with spleen size (F = 10.95, df = 63, P = 
0.002, ηp2 = 0.15; Fig. 5A) and decreased as the number of helminths in 
the alimentary tract increased (F = 4.87, df = 63, P = 0.031, ηp2 = 0.08; 
Fig. 5B). Date of capture and keel length were included in the model 
to control for seasonal and structural size variation despite not being 
significant (both P > 0.27). The remaining variables (including the to-
tal number of fault bars and the number of feathers with fault bars) 
were excluded at P > 0.29. This model explained 67.4% of the variance.
Wing whiteness and testis size.—In males, WWA showed simi-
lar significant relationships with age (F = 13.17, df = 33, P = 0.001, ηp2 = 
0.32), total wing area (F = 82.70, df = 33, P < 0.0001, ηp2 = 0.75), spleen 
volume (F = 6.65, df = 1 and 33, P = 0.016, ηp2 = 0.20), and number of 
helminths (F = 4.68, df = 33, P = 0.040, ηp2 = 0.15) as in the previous 
analysis. Testis volume contributed significantly and independently 
to variation in WWA (F = 10.73, df = 33, P = 0.003, ηp2 = 0.28; Fig. 6). 
Date of capture and keel length were included in the model to control 
for seasonal and structural size variation, but neither was significant 
(both P > 0.22). The remaining variables (including the total number 
of fault bars and the number of feathers with fault bars) were excluded 
at P > 0.14. This model explained 80.0% of the variance.
discussion
Age and WWA.—In most cases, only the 10 primaries of ASYs had 
white areas whereas SYs had white areas in all primaries as well 
as in the most distal secondary (total = 11 remiges). Both ASYs 
and SYs may increase their white wing area by producing one or 
FiG. 3. Mean (± SE) wing whiteness scaled to total wing area in relation 
to the number of white feathers in the wing of second-year (SY) and after-
second-year (ASY) Eurasian Black-billed Magpies.
FiG. 4. Relationships between the length of the black tip of the third pri-
mary feather and (A) feather wear scores and (B) white wing area scaled 
to total wing area (residuals of the regression between log10-transformed 
total and white wing areas in mm2) of magpies.
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two extra white feathers. However, although SYs had more white 
feathers on average than ASYs, the total white area was higher in 
ASYs than in SYs for each particular number of white feathers. 
A larger melanin-free feather area may be possible in adults 
that grow feathers of higher quality (i.e., more keratinized feathers; 
Stettenheim 2000). The SY feathers were grown while there were 
competing nutrient demands for the growth of other structures and 
organs, which perhaps resulted in a less keratinized and melanized 
SY feather. Hence, compared to adults, a large white area may be 
costly for SY birds (Vágási et al. 2010). In fact, although SY feathers 
had more melanized area than adults, feathers of SYs are generally 
more abraded than those of adults (Birkhead 1991, G. Blanco un-
publ. data), which may result in heavy costs during flight (Borto-
lotti 2006). An alternative mechanism allowing the expression of 
larger white wing patches while dimishing the risk of feather break-
age and/or abrasion may be to increase the number of white feathers 
rather than lengthening the white patch toward the feather tip. 
Therefore, SYs may develop an enlarged white wing patch by pro-
ducing one white secondary rather than increasing the amount of 
white toward the tips of primaries (Fig. 1). Variation among ASYs 
in WWA may be a consequence of age and warrants further study. 
The combination of an additional feather and less white area 
in the distal part of the feathers makes the wing patch of SYs lon-
ger and narrower than that of adults (Fig. 1). The white wing patch 
may thus function as an indicator of age and enable SYs to join 
flocks of nonbreeders (Birkhead 1991). Second-year individuals 
may benefit from signaling a reduced competitive capacity com-
pared to adults (Coombs 1978, Birkhead 1991). 
WWA as a signal of quality.—The white wing patch of the 
magpie may function as a handicap and, thus, serve as a signal 
of individual quality, because a large white patch may increase 
feather wear and breakage due to physical abrasion and consump-
tion by ectoparasites (Bonser 1995, Kose et al. 1999, Goldstein 
et al. 2004). This may be especially important in birds of low qual-
ity that produce poorly keratinized feathers (Hasson 1991) with a 
greater likelihood of producing fault bars that are often the sites of 
feather breakage (Slagsvold 1982, Serrano and Jovani 2005). 
The extent of the WWA were also correlated positively with 
spleen size and negatively with the number of helminths in the ali-
mentary tract in both adults and SYs, which suggests that WWA 
may be associated with immunocompetence. John (1995) reported 
that bird species that showed higher parasitic helminth prevalence 
also had larger spleens, which suggests a role for this organ in the 
prevention of helminth infections. We had previously found that 
body condition in magpies of all age and sex classes was the vari-
able most strongly positively correlated with spleen size (Blanco 
et al. 2001). Spleen size was also positively related with tail length 
of SY males (Blanco and de la Puente 2002). Therefore, assuming 
that the population that we sampled was not affected by parasites 
and pathogens to the point of promoting splenomegaly (Blanco 
FiG. 5. Relationships between white wing area scaled to total wing area 
(residuals of the regression between log10-transformed total and white 
wing areas in mm2) and (A) log10 spleen volume (mm
3) and (B) number of 
helminths in the alimentary tract of Eurasian Black-billed Magpies. Note 
that these are univariate trends (see text; SY = second-year and ASY = 
after-second-year).
FiG. 6. Relationships between white wing area scaled to total wing area 
(residuals of the regression between log10-transformed wing and white 
patch areas in mm2) and log10 testis volume (mm
3) of male Eurasian 
Black-billed Magpies. Note that these are univariate trends (see text; 
SY = second-year and ASY = after-second-year).
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et al. 2001), our results suggest that wing whiteness may be a true 
indicator of immune-system quality. Wing whiteness has been 
found to reflect immune capacity in other species as well (Potti 
and Merino 1996, Hanssen et al. 2008). 
Unlike a recent interspecific study of anatids in which no sig-
nificant correlation was found between testis size and white wing 
patches (Hegyi et al. 2008), our results showed a positive correla-
tion between wing whiteness and testis size. Testis size is  generally 
assumed to be an indicator of sexual behavior and fertilization 
 capacity in birds, because sexual activity, sperm production, testos-
terone secretion, frequency of extrapair paternity, secondary  sexual 
trait expression, and sperm competition often covary positively 
with the size of testes (Møller and Briskie 1995, Merilä and Sheldon 
1999, Dunn et al. 2001, Denk and Kempenaers 2005,  Garamszegi 
et al. 2005, Pitcher et al. 2005, Lüpold et al. 2009). The positive rela-
tionship between WWA and testis size suggests that the size of the 
white wing patch may contain information on  reproductive quality 
of male magpies. On the other hand, WWA of males and females 
did not differ; therefore, it is no doubt the case that physiological 
mechanisms other than testosterone production are linked to the 
expression of white in the wing of magpies. 
Given that the quality of both parents influences reproduc-
tive success in the magpie (Birkhead 1991), the use of the same 
trait for information transfer under conditions of social monog-
amy can account for monomorphism when traits may convey 
information for both sexes (Jones and Hunter 1993, Kraaijeveld 
et al. 2007, Hoi and Griggio 2008). Magpies are sexually dimor-
phic in wing whiteness, and both sexes show mate-choice behav-
ior (Birkhead 1991). Therefore, both males and females may obtain 
offspring benefits (e.g., resistance genes, high levels of parental in-
vestment, or good habitat quality) by pairing with mates showing 
high levels of wing whiteness. 
In conclusion, our correlational study shows that the variation 
in the melanin-based design of magpie remiges differed between 
young and adult individuals and was linked to other phenotypic 
traits that reveal information on immunocompetence and testis 
size in both age classes. This indicates that both sexes could select 
mates using this character, which reflects parasite infection status 
and immune capacity. In addition, by surveying this character in 
males, females may obtain information about a potential mate’s 
reproductive abilities. Therefore, the white wing patch may play a 
role in sexual selection in both sexes. Relationships between mag-
pie coloration and immunocompetence did not show significant in-
teractions with age and sex. Similarly, no interaction with age class 
was observed in the relationship between wing whiteness and testis 
size. Even without knowing the causal mechanisms that promote 
among-character covariation, our results suggest that the patterns 
of covariation among these characters are maintained within age 
and sex classes and suggest a functional link in this subset of phe-
notypic traits. 
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